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摘    要 
 
沸石分子筛膜因其具有独特的物理化学性质以及与溶剂分子尺寸相近的孔道体系，










从分子水平解释了 4A 沸石分子筛对甲醇/和乙醇/水的分离性能。 
随后根据实际分离的过程，建立所需要的模型，采用分子动力学研究了甲醇/水和乙


























Zeolite membranes have broad application prospects in the areas of pervaporation, gas 
separation and membrane reactor because of their unique physical and chemical properties, 
and their pore size in the similar range to the solvent molecular size. 4A and MFI-type zeolite 
membranes have an excellent performance in the separation of alcohol/water mixtures. It is 
important to study the relation between the microstructure of systems of solvent/zeolite 
membranes with the properties of thermodynamics and mass transfer, which can provide the 
theoretical background for understanding the absorption and diffusion of the solvent 
component in the zeolite membranes. In this paper, grand canonical Monte Carlo (GCMC), 
molecular dynamics (MD) were used to study the adsorption and diffusion behaviors of 
methanol/water and ethanol/water mixtures in the 4A and MFI zeolite membranes, 
respectively. 
By adjusting the atomic charge of methanol, ethanol and water molecules, the adsorption 
isotherms, adsorption heats and the self-diffusion coefficients of each component at different 
loadings were calculated with the aid of COMPASS force field, and compared with the 
experimental observation reported in literature. At the same time, the effect of time-steps and 
rigid, partial rigid, flexible zeolite models on the simulation results was studied. The 
parameters and methods for the simulation were thus determined. And then the adsorption and 
diffusion behaviors of methanol/water and ethanol/water mixtures in zeolite 4A were 
investigated, including the adsorption isotherm of each component, the self- diffusion 
coefficients, distribution profiles, typical trajectories of water and hydrogen bonding at 
various feed alcohol concentrations. A good separation performance of 4A zeolite for the 
methanol/water and ethanol/water was explained at the molecular level. 
Then, the models for the simulation were constructed according to the practical 
separation process. MD method was used to study the permeation of the methanol/water and 
ethanol/water mixtures through MFI zeolite membrane. First, the permeation of a single 
component was investigated, and it is confirmed that the MFI zeolite membrane is 















different alcohols concentrations from the feed side to the permeate side (under vacuum) was 
studied, including distribution profiles, hydrogen bonding, etc. Concentration polarization 
phenomena in the process of membrane separation was intuitively observed. At last, the 
self-diffusion coefficients of each component were compared with those experimentally 
determined. 
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